Purpose: Circulating microRNAs (miRNAs) have shown the potential for non-invasive diagnosis of various types of malignancies at an early stage. The aim of the study was to explore the feasibility of a combination of 8 serum miRNAs related to non-small-cell lung cancer (NSCLC) with the corresponding serum exosomal miRNAs in early diagnosis for the patients with NSCLC. Methods: We measured 8 serum miRNAs and the corresponding serum exosomal miRNAs including miR-21-5p, miR-126-3p, miR-141-3p, miR-146a-5p, miR-155-5p, miR-222-3p, miR-223-3p, and miR-486-5p in 48 patients with early NSCLC at stages I/II, 32 patients with lung benign lesion (LBL), and 48 healthy control (HC) by quantitative real-time polymerase chain reaction (qRT-PCR). Results: The expression levels of 4 serum miRNAs including miR-21-5p, miR-141-3p, miR-222-3p, and miR-486-5p, and 2 serum exosomal miRNAs including miR-146a-5p and miR-486-5p in the early NSCLC group were significantly different from that in the LBL group and the HC group (P < 0.01). The areas under the receiver operating characteristic curves (AUC) of the 4 serum miRNAs and 2 serum exosomal miRNAs in the early NSCLC group were ≥0.697, of which serum exosomal miR-146a-5p and miR-486-5p were 0.813 and 0.886, respectively, and higher than that of the 4 serum miRNAs. Additionally, a combination of 4 serum miRNAs with 2 serum exosomal miRNAs improved the AUC to 0.960 for the patients with NSCLC at early stages, with a sensitivity of 85.42% and a specificity of 92.50%. Conclusion: This study suggests that serum exosomal miRNAs other than serum miRNAs might be preferable biomarkers for the patients with NSCLC at early stages, and a combination of serum miRNAs with serum exosomal miRNAs contributes to the further improvement of early diagnosis for NSCLC.
Introduction
Lung cancer is a malignant tumor with the highest morbidity and mortality worldwide, seriously endangering human health. 1 As a predominant type of lung cancer, non-small-cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers, including adenocarcinoma (AC), squamous cell carcinoma (SCC), and large cell carcinoma (LCC). 2 Due to the absence of apparent symptoms at an early stage, most patients with NSCLC miss the best opportunity for surgical treatment, leading to a dismal 5-year survival rate of 5-15%, while the 5-year survival rate of NSCLC patients receiving surgical resection at an early stage have been reported to be high for 50-70%. 3 Therefore, improving the early diagnosis efficiency is very important for the prognosis of patients with NSCLC. However, the current routine screening programme has insufficient capacity for the early diagnosis of NSCLC and needs to be improved. For example, conventional-dose computed tomography (CT) in imaging has insufficient ability for screening and differentiating benign and malignant pulmonary nodules, while low-dose CT demonstrates problems such as high false positive rates and overdiagnosis. 4, 5 The current serum tumor antigen markers have rather deficient sensitivity or specificity for NSCLC, which limits their clinical application, especially in early diagnosis. 6, 7 MicroRNAs (miRNAs) are a class of small, endogenous, highly conserved non-coding RNAs with a length of approximately 19-25 nucleotides and which participate in the regulation of cell differentiation, proliferation, and apoptosis through the post-transcriptional regulation of gene expression. 8, 9 Studies have shown that some miRNAs may be aberrantly expressed in tumor tissues and are closely associated with the occurrence and development of malignancies. Additionally, miRNAs can be released into the sera, providing valuable markers for the non-invasive diagnosis of malignancies. 10 Other than serum miRNAs, miRNAs existing in tumor-related serum exosomes have received extensive attention in recent years. As extracellular vesicles in body fluids including plasma, serum, urine, etc., exosomes are found to be rich with miRNAs and other biological molecules. 11 Due to the protection of the lipid bilayer, exosomal miRNAs have higher stability compared with serum miRNAs. Therefore, whether serum exosomal miRNAs might be more valuable for the early diagnosis of various malignancies, such as NSCLC, is worth exploring. In this study, 8 common serum miRNA markers related to NSCLC were selected: miR-21-5p, miR-126-3p, miR-141-3p, miR-146a-5p, miR-155-5p, miR-222-3p, miR-223-3p, and miR-486-5p. There have been many reports on the application of these 8 serum miRNAs for NSCLC diagnosis; [12] [13] [14] [15] [16] [17] 
Serum miRNA Extraction
Serum RNA (including miRNA) was extracted using an extraction kit (CoWin Biosciences, Beijing). A total of 1 mL of TRIzol reagent was added into 200 µL of serum and mixed thoroughly. Extraction was in strict accordance with the kit instructions, and the extracted RNA was stored at −80°C before use.
Serum Exosome Extraction and Exosomal miRNA Purification
The serum exosome was extracted with an exosome extraction kit (Umibio Shanghai). A total of 500 µL serum was centrifuged at 3000 rpm for 10 min at 4°C. The supernatant was transferred to a new centrifuge tube and was centrifuged again at 12,000 rpm for 20 min at 4°C to remove impurities in the sample. Exosome concentration solution (250 µL) was added into the impurity-free supernatant, and extraction and purification were performed according to the instruction manual. The exosomal miRNA was extracted with an miRNA extraction kit (CoWin Biosciences, Beijing). TRIzol reagent (1 mL) was added to the purified exosomes; the mixture was vortexed thoroughly and then incubated at room temperature for 5 min. Chloroform (200 µL) was added; the mixture was vortexed thoroughly and then incubated at room temperature for 5 min. After centrifugation at 12,000 rpm for 15 min, the supernatant was transferred to an RM adsorption column. Ethanol (100%; 1/3 supernatant volume) was added; the mixture was vortexed thoroughly and then centrifuged at 12,000 rpm for 30 s. After centrifugation, the supernatant was transferred to an RS adsorption column, and 100% ethanol (2/3 supernatant volume) was added. The mixture was vortexed thoroughly and then centrifuged at 12,000 rpm for 30 s. After adding wash buffer, the mixture was centrifuged twice at 12,000 rpm for 30 s. RNase-free water (30 µL) was added to the RS adsorption column, and the mixture was centrifuged at 12,000 rpm for 30 s. The bottom solution was collected and stored at −80°C before use.
Transmission Electron Microscopy (TEM)
Purified exosomes were were treated with 2% glutaraldehyde at 4°C for 2 h. After being washed 4 times with PBS, exosomes were fixed with 1% osmium tetroxide for 2 h, and washed twice with ddH 2 O. Then, the exosomes were dehydrated with gradient ethanol and acetone, fixed in 2% glutaraldehyde at 4°C for 2 h, and washed with phosphatebuffered saline (PBS) 4 times. Finally, exosomes were immersed, embedded, and polymerized with ethoxyline resin to prepare slices at a thickness of 0.5 mm. After being stained with uranium acetate and lead citron citrate, exosomes were observed under a TEM.
Western Blot Assay
After determining the protein concentration of the purified exosome solution using a bicinchoninic acid (BCA) kit, protein samples were mixed with the same amount of loading buffer and denatured at 99°C for 5 min. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE, 12.5%) was performed, and the samples were transferred to a polyvinylidene fluoride (PVDF) membrane. The samples were blocked with 5% skimmed milk for 1 h and washed with Tris-buffered saline containing 0.2-0.4% Tween-20 (TBST) 3 times. Exosome-targeting antibodies CD9 (1:1000, ab92726), CD63 (1:1000, ab134045), and TSG101 (1:1000, ab125011) were added, respectively, and the membrane was incubated at 4°C overnight. After washing with TBST 3 times, horseradish peroxidase-conjugated goat anti-rabbit IgG was added and incubated at room temperature in the dark for 1 h. A chemiluminescence kit (Thermo Fisher, USA) was used for colour development, and a gel imager was used to take photos.
Nano Sight Detection
ZetaView (Particle Metrix, Germany) was used to detect the distribution of exosome size, and all parameters remained unchanged during the detection process. PBS (200 μL) was used to resuspend the exosome granules, and a 0.22-μm syringe was used to filter the sample. Each sample was diluted with distilled water to the appropriate detection range of the instrument to allow counting. ZetaView SP2 software was used for analysis and photography.
Expression Levels of Serum miRNAs and Serum Exosomal miRNAs by qRT-PCR
Mir-X miRNA First-Strand Synthesis and SYBR quantitative real-time polymerase chain reaction (qRT-PCR) kits (Takara, Japan) were used for the synthesis of complementary DNA (cDNA) and the real-time fluorescence quantitative PCR amplification, respectively. Synthesis of cDNA was conducted in strict accordance with the instruction manual. The PCR system was as follows (25 μL): SYBR Advantage Premix, 12.5 μL; forward primer, 0.5 μL; reverse primer, 0.5 μL; template DNA, 2 μL; ddH 2 O, 9 μL; and ROX Dye, 0.5 μL.
The reaction conditions were as follows: pre-denaturation at 
Results

Expression Levels of Serum miRNAs
The qRT-PCR results showed that the levels of serum miR-21-5p, miR-141-3p, miR-222-3p, and miR-486-5p in the early NSCLC group were significantly different from those in the LBL and HC groups (P < 0.01) (Figure 1 ). In the early NSCLC group, the expressions of serum miR-21-5p, miR-141-3p, and miR-222-3p, miR-486-5p were significantly upregulated. The levels of serum miR-146a-5p, and miR-223-3p in the early NSCLC group were significantly higher than those in the HC group (P < 0.05, P < 0.01), but not significantly different from those in the LBL group (P > 0.05). The levels of serum miR-126-3p were significantly lower than those in the HC group (P < 0.01), but not significantly different from those in the LBL group (P > 0.05). The level of serum miR-155-5p was not significantly different from those in the LBL and HC groups (P > 0.05).
Identification of Exosomes
TEM showed that exosomes had a clear membrane structure with a diameter of about 100 nm (Figure 2A ). The structural characteristics of the exosomes were consistent with previous reports. The presence of exosomal markers (CD9, CD63 and TSG101) was also confirmed by Western blot ( Figure 2B ). Nano Sight analysis indicated that the average diameter of the exosomes was 100 nm ( Figure 2C ).
Expression Levels of Serum Exosomal miRNAs
The qRT-PCR results showed that the levels of serum exosomal miR-146a-5p and miR-486-5p in the early NSCLC group were significantly higher than those in the LBL and HC groups (P < 0.01) (Figure 3 ). The levels of serum exosomal miR-21-5p, miR-126-3p, and miR-223-3p in the early NSCLC group were significantly higher than those in the HC group (P < 0.05, P < 0.05, P < 0.01), but not significantly different from those in the LBL group (P > 0.05). The levels of serum exosomal miR-155-5p were significantly lower than those in the HC group (P < 0.01), but not significantly different from those in the LBL group (P > 0.05). The levels of serum exosomal miR-141-3p and miR-222-3p were not significantly different from those in the LBL and HC groups (P > 0.05).
Diagnostic Performances of Serum and Exosomal miRNAs in Patients with Early NSCLC
The AUCs of the 4 serum miRNAs (miR-21-5p, miR-141-3p, miR-222-3p, and miR-486-5p) and 2 serum exosomal miRNAs (miR-146a-5p and miR-486-5p) in the early NSCLC group were ≥ 0.697. ROC analysis was conducted in the diagnostic performances of the aberrantly expressed 4 serum miRNAs (miR-21-5p, miR-141-3p, miR-222-3p, and miR-486-5p) and 2 exosomal miRNAs (miR-146a-5p and miR-486-5p) in the patients with NSCLC at early stages. ROC curves are shown in Figure 4 , and the results are summarized in Tables 2 and  3 . The data showed that for the patients with NSCLC at early stages, the AUC of serum miR-486-5p was 0.697, and the other 3 serum miRNAs were >0.700, of which miR-222-3p had the highest AUC of 0.779 (95% CI 0.697-0.847), with a sensitivity of 91.67% and a specificity of 60.00%. The AUC of the combination of 4 serum miRNAs was up to 0.871. The AUCs of serum exosomal miR-146a-5p and miR-486-5p were 0.813 and 0.886, respectively, and the AUC of the combination of 2 serum exosomal miRNAs was 0.898. Among 4 serum miRNAs and 2 serum exosomal miRNAs, the positive predictive value (PPV), negative predictive value (NPV) and agreement rate (AR) scores of serum exosomal miR-486-5p were the highest. Among the 3 combinations of 4 serum miRNAs with serum exosomal miR-146a-5p and/or miR-486-5p, the combination of 4 serum miRNAs with serum exosomal miR- Figure 1 Expression levels of 8 serum miRNAs in early NSCLC, LBL and HC groups. Notes: *, ** indicate P < 0.05, P < 0.01, respectively. Abbreviations: NSCLC, non-small-cell lung cancer; LBL, lung benign lesion; HC, healthy control; NS, no significance.
146a-5p and miR-486-5p had the highest diagnostic performance for early NSCLC, with an AUC of 0.960, a sensitivity of 85.42% and a specificity of 92.50%, and the PPV, NPV and AR scores were 87.20%, 91.40% and 89.82%, respectively.
Discussion
Currently, there is a lack of effective screening methods for early NSCLC in clinical practice, resulting in a poor 5-year survival rate in patients. However, detection of circulating miRNAs such as serum miRNAs can help diagnose various malignancies, indicating that circulating miRNAs might be a potential diagnostic marker for early NSCLC patients. Circulating miRNAs in serum include two forms: serum miRNAs and serum exosomal miRNAs. Compared with serum miRNAs, miRNAs in serum exosomes are more stable due to the protection of lipid bilayer. Therefore, whether the combined detection of serum miRNAs with serum exosomal miRNAs contribute to the improvement of diagnosis performance for early NSCLC is worth exploring. Eight common serum miRNAs including miR-21-5p, miR-126-3p, miR-141-3p, miR-146a-5p, miR-155-5p, miR-222-3p, miR-223-3p, and miR-486-5p selected in this study have been reported to be closely associated with NSCLC diagnosis. [12] [13] [14] [15] [16] [17] By the simultaneous detection of 8 serum miRNAs and corresponding serum exosomal miRNAs, we found that 4 serum miRNAs including miR-21-5p, miR-141-3p, miR-222-3p, miR-486-5p and 2 serum exosomal miRNAs including miR-146a-5p and miR-486-5p showed good diagnostic values for patients with NSCLC at early stages, and levels in the early NSCLC group were significantly different from those in the LBL and HC groups (P < 0.01), and AUCs for early NSCLC patients were ≥ 0.697. Interestingly, the AUCs of serum exosomal miR-146a-5p and miR-486-5p for early NSCLC patients were 0.813 and 0.886, respectively, which were higher than that of 4 serum miRNAs. As the tumor suppressor genes of NSCLC, miR146a-5p and miR-486-5p were reported to display aberrant expression in the tumor tissues and sera of NSCLC patients. 13, 15, [18] [19] [20] Our study is the first to demonstrate that the performances of serum exosomal miR-146a-5p and miR-486-5p in diagnosing early NSCLC were superior to that of the 2 corresponding serum miRNAs and the other 6 serum miRNAs, suggesting that compared with serum miRNAs, serum exosomal miRNAs might be more valuable in diagnosing early NSCLC. It is believed that with further in-depth research, more serum exosomal miRNA markers with excellent diagnostic performance for early NSCLC patients will be found, applied and transformed clinically. The sensitivity of a single miRNA is limited. It is worth investigating whether the combined detection of multimiRNAs can help improve the diagnostic performance of early NSCLC patients. We further carried out combined detection and analysis of 4 serum miRNAs and 2 serum exosomal miRNAs, which demonstrated the diagnostic values for early NSCLC in our study. By comparison and analysis of several different combinations, the panel comprised of 4 serum miRNAs and 2 serum exosomal miRNAs was shown to improve the AUC for early NSCLC patients to 0.960, with sensitivity of 85.42% and specificity of 92.50%, indicating that the combination of serum miRNAs with serum exosomal miRNAs is helpful to further improve the diagnosis of early NSCLC.
Conclusion
Our study reveals the facts as follows: Serum miR-21-5p, miR-141-3p, miR-222-3p, and miR-486-5p and serum exosomal miR-146a-5p and miR-486-5p have good potentials for the early diagnosis of NSCLC. Other than serum miRNAs, serum exosomal miRNA might be preferable biomarkers for patients with NSCLC at early stages, and a combination of serum miRNAs with serum exosomal miRNAs contributes to the further improvement of early diagnosis for NSCLC.
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